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Abstract: The aim of this study was to investigate the possible protective effects of chrysin on oxidative status and histological alterations
against carbon tetrachloride (CCl,)-induced liver and kidney tissue in rats. The animals were randomly divided into four groups; the control,
chrysin (100 mg/kg), CCl, (0.5 ml/kg) and chrysin + CCl, groups. Liver and kidney injuries were assessed by biochemical and histopathological
examinations. The levels of malondialdehyde (MDA), reduced glutathione (GSH), and superoxide dismutase (SOD) activity were measured in
tissues. Serum tumor necrosis factor-a (TNF-a), aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine levels
were also measured in blood samples. MDA, serum TNF-a, AST, ALT, urea, and creatinine levels (p < 0.05) were significantly higher, and SOD
activity and GSH level were significantly (p < 0.05) lower in the CCl, group than in the control group. Treatment with chrysin in the chrysin + CCl,
group decreased MDA, AST, ALT, creatinine, and TNF-a levels (p < 0.05), and increased SOD activity, GSH levels (p < 0.05), and serum TNF-a
levels (p < 0.05). In addition, body weight change (BWC) (p < 0.05) and feed intake (FI) were significantly lower (p < 0.001) in the CCl, group than
in the control group. Moreover, treatment with chrysin increased BWC and Fl in the chrysin + CCl, group compared with that in the CCl, group.
These findings also confirmed by histopathological examination. The chrysin treatment ameliorated the CCls-induced biochemical and
pathological alterations. These results demonstrated that chrysin provided amelioration on the rat liver and kidney tissues CCl,-induced injury

by increasing the antioxidant activity.

Keywords: Chrysin, carbon tetrachloride, antioxidant, kidney, liver

Introduction

Carbon tetrachloride (CCly) is the most commonly used
agentbecause itinduces injuries similar to the development
of cirrhosis in humans, although liver damage can be caused
by many other factors in experimental studies [1]. This
agent is found in high levels in several tissues, including
the liver, brain, kidney, muscle, lung and testes, and is dis-
tributed throughout the body [2, 3]. CCl, that enters the
body undergoes biotransformation in the liver and turns
into a trichloromethyl (CCls) radical. It then rapidly com-
bines with oxygen to form the trichloromethyl peroxide
(CCl30,) radical or chloroform form. The CCl;0, radical
is a known powerful lipid peroxidation initiator that
damages the cell membrane and leads to oxidative damage

© 2020 Hogrefe

by causing CCly lipid peroxidation. Liver cells and fibro-
blasts are stimulated to produce extracellular matrix and
synthesize collagen under oxidative damage conditions
[4]. In addition, Kupffer cells, which are stimulated by
damage, cause the production of proinflammatory cyto-
kines, tumor necrosis factor-a (TNF-a), and interleukin-1
h (IL-1 h). Therefore, inhibition of oxidative stress could
provide positive results [5]. Experimental studies have
shown that CCl, causes liver degeneration, mononuclear
cell infiltration, fibrosis, cirrhosis, and cancer [6, 7].
In recent years, compounds isolated from plants have
become popular because they are natural, cheaper, easier
to access, less toxic, and produce fewer adverse-effects
[8]. Phytochemicals are compounds that are capable of
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scavenging free radicals and inhibiting oxidative stress.
Flavonoids, which have strong antioxidant properties, are
abundant and widely available in plant. Chrysinis arecently
studied flavonoid. The plant called Passiflora caerulea con-
tains chrysin, as well as in propolis, celery, thyme, and
honey [9]. Itisused frequently in herbal treatments in China
and East Asia. Flavanoids confer their antioxidant effects by
chelating trace elements or radicals [10, 11]. According to
the results of previous studies, chrysin exhibits many phar-
macological effects due to its antioxidant, anticancer, anti-
inflammatory activities [9, 12]. It is thought that chrysin can
neutralize carcinogenic substances by reducing the level of
free radicals in the cells, thereby contributing to the toxic
effects on cancer cells and preventing tumor formation
[13, 14, 15].

The aim of this study was to determine the effects of
chrysin, which is known to have antioxidant and anti-
inflammatory activities, on feed intake (FI), body weight
change, lipid peroxidation, the antioxidant system, inflam-
mation parameters, and histopathological changes, and
apoptosis in rats with CCly-induced liver and kidney
damage.

Materials and methods

Chemicals

CCly (99.9%, Panreac Quimica, Barcelona, Spain) was dis-
solved in corn oil (5 ml/kg). Chrysin (100 g, Molekula Ltd.,
Wimborne Dorset, UK) was also dissolved in corn oil. All
other chemicals were purchased from Sigma Chemical
Co. (St. Louis, Mo, USA).

Animals

Twenty-four adult Sprague Dawley male rats (6-8 weeks
old, 280-300 g) were used in this study. The animals were
obtained from the Firat University Experimental Research
Center, Elazig, Turkey and were housed under standard
laboratory conditions (temperature 24 + 3 °C, humidity
40-60%, and a 12 hlight:dark cycle). The rats were fed with
a balanced commercial diet (Elazig Food Company, Elazig,
Turkey), and had access to fresh drinking water ad libitum.
The experiment was approved by the Animal Experiments
Local Ethics Committee (10.02.2015/No:17).

Experimental Design

In this study, the rats were randomly divided into 4 groups
(n = 6 per group). The experimental groups; Group I
(control), which received corn oil by gavage for 14 days.
Group II (chrysin) were received chrysin (100 mg/kg/bw)

Int J Vitam Nutr Res (2020), 1-12

by gavage for 14 days. Group III (CCl,) were given CCly
0.5 ml/kg/bw in corn oil (1:1) by gavage for 14 days. Group
IV (chrysin + CCly) were given chrysin and additionally
CCly for 14 days. To determine FI, the animals were housed
inindividual cages. The animals were individually weighed
initially and then weekly to monitor their body weight (BW).
Additionally, FI and body weight change (BWC) at 7 and
14 days of the experiment were determined.

Sample collection

Twenty-four hours after the last drug administration, blood
samples were collected. After the collection of all blood
samples were euthanized by cervical dislocation under
ether anesthesia. The collected blood samples were centri-
fuged at 2500 g at 4 °C for 15 min and stored at —20 °C until
analysis. The liver and kidney tissue samples were removed
for biochemical and histological analyses.

Biochemical Analysis

The malondialdehyde (MDA) level of liver and kidney
tissue, superoxide dismutase (SOD) activity, reduced
glutathione (GSH) concentration and serum TNF-a levels
were determined. Liver and kidney tissues were homoge-
nized in 1/10 ratio with 1.15% KCI. MDA analysis was per-
formed in half of the homogenate. The other half of the
homogenate was centrifuged at 2500 g for 45 min at
+4 °C, and the separated supernatants were used for SOD
and GSH analyses. Protein concentrations in the superna-
tants were determined by the Lowry method [16], and the
results were adapted to the protein. In addition, serum
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) enzyme activities, as well as urea and
creatinine levels were determined using a biochemical
autoanalyzer (Siemens Advia 2400, USA).

Measurement of tissue MDA levels

Tissue lipid peroxidation levels were measured by the spec-
trophotometric method of Ohkawa et al. [17] at 532 nm,
according to the concentrations of thiobarbituric acid
reactive substances (TBARS), and the level of MDA
produced was used as an index of lipid peroxidation.
1,1,3,3-tetraecthoxypropane was used as a standard. MDA
values were expressed as nmol/ml homogenate.

Measurement of tissue GSH
concentrations

GSH levels were determined by the methods of Ellman et al.
[18] in tissues. 5,5 -dithio-bis (2-nitrobenzoic acid) (DTNB)
is a disulfide compound reduced by sulthydryl compounds.

© 2020 Hogrefe
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The color intensity of the yellow complex formed by the
sample and DTNB is directly proportional to GSH concen-
tration in the medium. The protein concentrations were
determined by the method of Lowry et al. [16], with bovine
serum albumin as the standard. GSH levels were measured
spectrophotometrically at 412 nm, and expressed as nmol/
mg protein.

Measurement of tissue SOD activities

Tissue SOD activities were determined according to the
method of Sun et al. [19]. The samples were incubated with
xanthine oxidase solution to measure the SOD activity.
Absorbance was read at 560 nm to measure superoxide
anions. The activity was determined as the inhibition
of chromogen reduction. In the presence of SOD, the super-
oxide anion concentration is reduced, yielding a colori-
metric signal. The SOD activity was expressed as percent
inhibition.

Serum TNF-a levels

Serum TNF-a levels were determined using an enzyme-
linked immunosorbent assay (ELISA) commercial rat kit
(Elabscience, USA), according to the manufacturer’s
instructions. Cytokine quantities in the samples were
calculated from the standard curves of recombinant cyto-
kines by using a linear regression method. The results were
expressed as pg/ml.

Histopathological and
immunohistochemical (IHC) analyses

For histological examinations, the liver and kidney tissues
were fixed in formalin solution (10%), dehydrated in graded
alcohol series, and embedded in paraffin. The paraffin-
embedded tissue samples were cut into 5 pm thick sections,
mounted on 1/4 shaven slides and stained with hematoxy-
lin-eosin (H&E) for histological examination, accordingtoa
standard procedure [20]. Apoptotic cells in the tissues
were evaluated immunohistochemically using the caspase
method. For analysis, the sections were mounted on
poly-L-lysine-coated slides. Following deparaffinization
and rehydration, the samples were transferred to a citrate
buffer (pH 6.0), heated in a microwave oven for 20 min,
cooled for 20 min at room temperature, and washed with
phosphate-buffered saline (PBS). The sections were
immersed in 0.3% H,0, for 5 min, washed with PBS, incu-
bated with Ultra V block at room temperature for 5 min, and
incubated with a primary rabbit polyclonal active caspase-3

© 2020 Hogrefe

antibody (Thermo Scientific, CPP32, Ab-4, UK) in a humidi-
fied chamber at 37 °C for 1 h. The sections were rinsed in
PBS before being incubated with a biotinylated goat anti-
polyvalent secondary antibody at room temperature for
30 min and then washed with PBS. They were then incu-
bated with streptavidin peroxidase at room temperature
and washed with PBS. Staining was completed after the sub-
strate was incubated with a 3,3’-diaminobenzidine tetrahy-
drochloride (DAB) chromogen (Thermo Scientific, Ultra
Vision Detection System Anti-Polyvalent, HRP/DAB, UK)
for 5-15min, and the slides were washed with distilled water
for 5 min. The slides were counterstained with Mayer’s
hematoxylin for 30 s, rinsed in water for 5 min, dehydrated,
and mounted with an aqueous mounting medium. H&E
tissue sections and active caspase-3 activities in the liver
and kidney tissues were examined using a binocular-
headed light microscope, which has the features of a
photomicroscope (Olympus BX-51, Olympus Optical Co.,
Ltd., Tokyo, Japan), and images were taken. The active
caspase-3 kit was used according to the manufacturer’s
instructions. Active caspase-3 positive cells in the tissue sec-
tions were stained a brown color and evaluated by analyzing
at the staining intensity (—; no, +; weak, ++; moderate, +++;
strong) using a semi-quantitative scoring system.

Statistical analysis

The SPSS 19.0 (SPSS Inc., Chicago, IL, USA) software was
used for all statistical analyses, and all assays were
performed at least three times. Data normality was ana-
lyzed using the Shapiro Wilk test, and a normal distribution
was found. Original data were verified for normality using
Q-Q plots and analyzed for the equality of variance using
box plots. Differences among the groups were analyzed
using one-way analysis of variance (ANOVA), followed by
a post hoc Tukey test (equal variances were assumed). All
values are presented as the mean + standard error (SE).
Differences were considered significant at p < 0.05.

Results

BW, BWC, Fl, and Biochemical findings

The effects of chrysin on BW, BWC, and Flin all groups are
described in Table 1. The BWC of all groups was not signifi-
cantly different until 14 days. After this period, it was signif-
icantly different (p < 0.05). In addition, the effects of
chrysin on BW in all groups were not significant. By this
study, it was demonstrated that BWC and FI increased
when chrysin supplementation was provided to the animals

Int J Vitam Nutr Res (2020), 1-12
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Table 1. Effects of chrysin on BW, BWC and Fl in the experimental groups

Days Control Chrysin Chrysin + CCl, CCl, P

BW(g) W 183 + 6.95 181 + 8.48 187 + 8.75 188 + 8.49 NS
7 197 + 9.49 196 + 9.57 192 + 5.29 192 + 5.85 NS

14 214 +13.7 212 +9.15 198 + 5.86 195 + 7.59 NS

BWC(g) 1-7 2.40 + 0.59 2.38 + 0.62 0.83 £ 0.17 0.68 + 0.10 NS
8-14 2.48 + 0.61 2.36 + 0.4 0.85 + 0.21 0.42 + 0.30 NS

1-14 2.44 + 0572 2.37 + 0.372 0.84 +0.212° 0.54 + 0.20° *
Fl(g) 1-7 23.6 + 0.60% 23.5 + 0.82° 12.1 +0.78° 11.3 + 0.42° oxk
8-14 222 £1.11° 22.1 +0.68° 11.9 + 0.83° 9.78 + 0.52° ok
1-14 22.9 +0.76° 22.8 + 0.44° 12.0 + 0.70° 10.5 + 0.95° ok

a, b: Mean values with different superscripts within a row differ significantly, *: p < 0.05; ***: p < 0.001.
NS: Non significant, IW: Initial weight, BW: Body weight, BWC: Body weight change, FI: Feed intake (per day)
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Figure 1. Effects of chrysin on serum TNF-a levels in the experimental
groups. a, b, c: Differences between groups in the same row including
different letters are significant. (n = 6 per group, bars represents
standard error). TNF-a; tumor necrosis factor-a, CCl,; carbon
tetrachloride.

treated with CCly. The FI decreased significantly in CCl,
group compared with the other groups (p < 0.001). The FI
of control and chrysin group animals were found to be simi-
liar. The supplementation of chrysin significantly increased
the FIin the CCly-treated group.

The levels of serum TNF-a are given in Figure 1. Serum
TNF-a levels in the CCly group were significantly
(p < 0.05) higher than the control group. In addition, the
treatment of chrysin significantly decreased serum TNF-«
levels (p < 0.05). The MDA, GSH, and SOD activitiy levels
in the liver and kidney tissues are presented in Table 2.
The tissue MDA levels were significantly higher (p < 0.05)
in the CCl, group than in the control group. Treatment with
chrysin significantly decreased MDA levels (p < 0.05). In
addition, the liver and kidney tissues GSH levels in the
CCl, group were significantly (p < 0.05) lower than the con-
trol group. Treatment with chrysin significantly increased
the levels of GSH in tissues (p < 0.05). Furthermore, SOD
activity in the CCly, group was significantly (p < 0.05) lower
than that in the control group. Treatment with chrysin sig-
nificantly increased SOD activity (p < 0.05). Serum AST,
ALT, urea, and creatinine levels are shown in Table 3.
Serum AST, ALT, urea, and creatinine levels were

Int J Vitam Nutr Res (2020), 1-12

significantly (p < 0.05) higher in the CCl, group than in
the control group. In addition, treatment with chrysin
decreased AST (p < 0.05), ALT (p < 0.05), urea, and crea-
tine (p < 0.05) levels.

Histopathological and
immunohistochemical findings

Histopathological and immunohistochemical results in the
kidney and liver tissues are presented in the Figures 2-5.
The control and chrysin groups demonstrated normal liver
histology (Figure 2A, 2B). In these groups, the liver tissues
had a normal structure with no abnormalities. In contrast,
the liver tissues in the CCly group (Figure 2C, 2D) demon-
strated congestion and dilatation of central veins with
severe hepatocellular damage represented by diffuse
microvesicular and macrovesicular hepatic steatosis and
ballooning degeneration of hepatocytes. Furthermore, an
enlargement of hepatocytes and extensive centrilobular
necrosis were observed. It was also determined that the
focal mononuclear inflammatory cellular aggregation in
hepatic parenchyma, vasocongestion in sinusoids, and
hemorrhage were caused by CCl, exposure. The treatment
of chrysin alleviated the CCl,-induced these histopatholo-
gical changes, and mild hepatic lesions were observed in
the liver architecture (Figure 2E, 2F).

In addition, the control and chrysin groups demonstrated
no abnormalities in the kidney histology as represented
respectively (Figure 3A, 3B). The kidney tissues in the
CCl, group exhibited dilatation and an increase in
Bowman’s space with glomerular shrinkage, destruction,
and atrophy in the cortex region (Figure 3C, 3D). A higher
number of capillaries were seen in some glomeruli. Tubular
degeneration and dilatation, as well as intraluminal cellular
debris, were also present in some tubules. Furthermore,
vascular congestion, mononuclear inflammatory cell
infiltration, and distortion of renal corpuscles were
observed. The treatment of chrysin decreased the CCly-

© 2020 Hogrefe
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Table 2. The effects of chrysin on MDA and GSH levels, SOD activities in the tissues of the experimental groups

Tissues Control Chrysin Chrysin + CCl, CCl,

Liver
MDA (nmol/ml of homogenate) 3.03 + 0.13° 2.83 +0.17° 4.54 +0.18° 9.68 + 0.17°
GSH (nmol/mg protein) 79.8 + 2.30° 76.2 + 2.03° 64.1 + 1.85° 56.8 + 1.17¢
S0D (% inhibition) 32.3 +1.37° 30.9 + 1.50° 29.2 + 1.06°° 25.1 +1.38°

Kidney
MDA (nmol/ml of homogenate) 2.20 + 0.02° 2.32 +0.02° 2.97 +0.17° 4.49 + 0.17°2
GSH (nmol/mg protein) 44,0 +1.87° 42.0 £ 1.65° 31.3 £ 1.41° 31.6 + 1.39°
SOD (% inhibition) 56.1 £ 1.16% 54.7 +1.08% 49.1 + 1.49° 44,6 + 1.38°

a, b, c: Differences between groups in the same row including different letters are significant.

Table 3. The effects of chrysin on serum AST, ALT, urea, and creatinine levels in the experimental groups

Control Chrysin Chrysin + CCl, CCl,
AST (U/L) 240 + 12.9° 217 £ 15.1° 312 + 15.8° 511 + 14.5%
ALT (U/L) 84.6 + 4.24° 89.8 + 2.39° 102 + 5.95° 182 + 3.94°
Urea (mg/dL) 62.0 + 1.44° 64.2 + 1.65° 69.1 £ 2.712° 81.3 + 2.03°
Creatinine (mg/dL) 0.21 + 0.009° 0.20 + 0.001° 0.29 + 0.001° 0.37 + 0.0022

a, b, c: Differences between groups in the same row including different letters are significant.

induced these histopathological changes, and mild renal
lesions were seen in the kidney architecture (Figure 3E,
3F). The liver and kidney tissues of control and chrysin
groups revealed no active caspase-3 immunoreactivity
(Figure 4A, 4B and 5A, 5B). Apoptotic cells showing a strong
positive reaction were observed in the hepatocytes of
proximal and distal tubules in the CCly group (Figure 4C,
4D and 5C, 5D). However, the treatment of chrysin reduced
the CCly-induced apoptotic cells, and the staining intensi-
ties of these apoptotic cells were moderate in the liver and
kidney tissues (Figure 4E, 4F and 5E, 5F).

Discussion

Flavonoids are phenolic compounds that are the most
common chemical class of phytochemicals. They are
known to possess a wide range of health promoting effects.
As a natural flavonoid, chrysin is commonly found in
propolis and honey. Previous studies demonstrated that
chrysin exhibits protective effects in different animal tis-
sues, such as the brain, heart, liver, kidney, and lungs [21].
Chrysin mediates its anti-inflammatory activity by blocking
histamine release and inducing proinflammatory cytokine
expression [22, 23]. It also shows anticancer activity by
promoting cell death induced by TNF-related apoptosis
inducing ligand (TRAIL) and increasing TRAIL-induced
degradation of caspases-3 and caspases-8, 10, 25 inhibition
of TNF-a and IL-1b [22, 24, 25]. In addition, several animal
studies demonstrated that chrysin acts as an antidote in
different intoxications induced by toxic agents [21]. CCly

© 2020 Hogrefe

is a known potent, lipid soluble, hepatotoxic agent. CCly is
biotransformed to the trichloromethyl radical by the
cytochrome P450 system in liver microsomes [26]. As a
consequence, it causes lipid peroxidation of membranes
that leads to liver injury. Because the basic structures of
human and rat livers are similar, the administration of
CCly is an accepted experimental model for inducing hepa-
tic damage [26, 27], and it has been commonly used in
experimental models to elucidate the cellular mechanisms
behind oxidative damage [28]. As a well-known hepatotoxic
agent, CCl, exhibits its toxic effects via the generation of
free radicals, such as hydroxyl ethyl radicals, superoxide
radicals, hydroxyl radicals, peroxyl radicals, and hydrogen
peroxide [29]. Because of the lipid solubility of CCly, it
can cross cellmembranes. CCly is distributed and deposited
in organs such as the liver, kidney, and brain, after treat-
ment. The toxicity of CCly likely depends on the formation
of the trichloromethyl radical, which interacts with oxygen
to form CCL;0, [4, 26]. Chrysin prevents CCly-induced
renal toxicity by increasing the levels of GSH, CAT, GPx,
and SOD and decreasing lipid peroxidation and expression
of the inducible nitric oxide synthase (iNOS) gene [22].

In this study, FI (p < 0.001) and BWC (p < 0.05) in the
CCly group decreased significantly in comparison with
the other groups for 14 days. Consistent with this study,
Junnila et al. [30] reported that exposure to CCly
(1 ml/kg/day subcutaneously for 4 consecutive days)
significantly reduced the average FI and growth rates of
rats. Similarly, Behboodi et al. [31] reported that CCly
significantly reduced FI and BW gain in Japanese quails
subjected CCly-induced oxidative stress. Reduced BW
gain could be linked to reduced nutrient digestion and

Int J Vitam Nutr Res (2020), 1-12
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Figure 2. Histopathological changes in the liver tissues of the experimental rats (H&E staining). (A) Control; normal morphology, (B) Chrysin; normal
morphology, (C) CCl,; congestion and dilatation of the central vein (black thick arrows), microvesicular steatosis (arrowheads), macrovesicular
steatosis (black thin arrows), ballooning cell (white small arrow), focal inflammatory cell infiltration (white big arrows), (D) CCl,; enlargement of
hepatocytes (black small arrows), necrotic cells (red arrows), vasocongestion of sinusoids (white arrows), ballooning cells (black big arrows),
macrovesicular steatosis (arrowheads), (E) Chrysin + CCl,; mild hepatic lesions, (F) Chrysin + CCl,; mild hepatic lesions. Scale bars: 50 um.

absorption because of low bile acid secretion [32]. In addi-
tion, Khodadust et al. [33] reported the worsened effect of
CCly on the performance of broiler chicken. Our study
demonstrated that FI and BWC significantly increased
when chrysin supplementation was provided to CCly-
treated rats. The beneficial effects of chrysin on

Int J Vitam Nutr Res (2020), 1-12

performance could be linked to its flavonoid content [34].
In accordance with this study, Anand et al. [26] demon-
strated that chrysin (200 mg/kg bw) was able to prevent
oxidative damage induced by intraperitoneal administra-
tion of CCly (2 ml/kg) in the liver, brain, kidney and hemo-
lysate of male Wistar rats. In another study, Tatli Seven et al.

© 2020 Hogrefe
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Figure 3. Histopathological changes in the kidney tissues of the experimental rats (H&E stain). (A) Control; normal morphology, (B) Chrysin; normal
morphology, (C) CCl,; dilatation and increase of Bowman’s space (black big arrows) with glomerular shrinkage (black small arrow), glomerular
destruction and atrophy (white arrows), vascular congestion and inflammatory cell infiltration (arrowhead), (D) CCl,; tubular degeneration and
dilatation (white arrows), intraluminal cellular debris in some tubules (black arrows), distortion of renal corpuscles (arrowheads), (E) Chrysin +
CCly; mild renal lesions, (F) Chrysin + CCl,; mild renal lesions. Scale bars: 50 um.

[35] demonstrated that chrysin (50 ppm) appeared to
ameliorate the adverse effects caused by Cu toxicity in rats.
According to these results, they suggested that chrysin
treatment alleviated degeneration, necrosis, and apoptosis
in the liver and kidney tissues of the Cu-treated rats. One of

© 2020 Hogrefe

the reasons contributing oxidative stress caused by ROS is
CCly induces chemical liver injury [36, 37]. Lipid peroxida-
tion is a considerable indicator of oxidative stress [37].
A crucial end product of lipid peroxidation in hepatic
oxidative stress is MDA. The level of MDA could be used

Int J Vitam Nutr Res (2020), 1-12
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Figure 4. Immunohistochemical findings in the liver tissues of rats (IHC, Mayer’s hematoxylin counterstain). (A) Control; no immunoreactivity for
active caspase-3 antibody, (B) Chrysin; no immunoreactivity for active caspase-3 antibody, (C) CCl;; numerous apoptotic cells showing strong
immunoreactivity for active caspase-3 (arrows), (D) CCl,; numerous apoptotic cells showing strong immunoreactivity for active caspase-3 (arrows),
(E) Chrysin + CCl,; decreased numbers of active caspase-3 immunopositive cells with moderate staining intensities (arrows), (F) Chrysin + CCly;
decreased numbers of active caspase-3 immunopositive cells with moderate the staining intensities (arrows). Scale bars: 20 um (A, B, D and F)

and 50 um (C and E).

as an indicator of CCly-induced liver injury [38]. In this
study, MDA levels in kidney and liver tissues were found
to be high (p < 0.05). Increased MDA levels as a result of
CCly induced liver injury were also demonstrated by
Jadhav et al. [7], Anand et al. [26], Zhang et al. [37], and

Int J Vitam Nutr Res (2020), 1-12

Lu Et al. [39]. The result of this study showed that
chrysin supplementation significantly decreases MDA
levels (p < 0.05). This effect could be linked to the ability
of chrysin to increase the levels of antioxidants, along with
its anti-lipid peroxidative activity. Additionally, chrysin

© 2020 Hogrefe
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could be potentially useful in counteracting the free radical-
mediated injury involved in the development of tissue
damage caused by CCly [26].

As an important intracellular antioxidant, GSH plays
several vital roles, such as antioxidation, maintenance of

© 2020 Hogrefe
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Figure 5. Immunohistochemical findings in the kidney tissues of rats (IHC, Mayer’s hematoxylin counterstain). (A) Control; no immunoreactivity for
active caspase-3 antibody, (B) Chrysin; no immunoreactivity for active caspase-3 antibody (arrows), (C) CCl,; numerous apoptotic tubular epithelial
cells showing strong immunoreactivity for active caspase-3 (arrows), (D) CCl;; numerous apoptotic tubular epithelial cells showing strong
immunoreactivity for active caspase-3 (arrows), (E) Chrysin + CCl,; decreased numbers of active caspase-3 immunopositive tubular cells with
moderate staining intensities (arrows), (F) Chrysin + CCl,; decreased numbers of active caspase-3 immunopositive tubular cells with moderate the
staining intensities (arrows). Scale bars: 20 um (A, B and D) and 50 um (C, E and F).

the redox state, xenobiotic detoxification, and cellular
protection from damage by free radicals, peroxides, and
toxins [37,40, 41]. SOD is an important antioxidant enzyme
that reacts rapidly and is removed by CAT as it converts O,
into H,O, [38, 42]. Reduction of CAT, SOD, and GPx

Int J Vitam Nutr Res (2020), 1-12
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activities is reported to be related to the accumulation of
highly reactive free radicals, leading to damaging effects,
such as the loss of integrity and function of cell membranes
[43]. In this study significantly decreased levels of GSH and
SOD were obseved in the CCl, group (p < 0.05). However,
chrysin supplementation increased GSH and SOD levels in
the CCly + chrysin group. These results are consistent with
those of the study by Anand et al. [26]. This protective effect
of chrysin could be linked to the decreased production of
CCly-induced free radicals [26].

Increased activities of serum AST and ALT were
observed in the CCly group compared with other groups
in our study. Similar results have been reported by other
studies [3, 7, 26, 44-47]. AST and ALT activities are used
as biochemical markers of liver damage [37]. Molehina
et al. [46] reported that the elevated level of cytosolic liver
markers, such as AST, and ALT, may be associated with
them leaking out from swollen and necrotic hepatocytes
into the blood circulation. Chrysin supplementation signif-
icantly decreased serum AST and ALT activity in the CCly
group. This result is consistent with the findings of Anand
et al. [26] and Hermenean et al. [45]. The decreased levels
of AST and ALT could be linked to the ability of chrysin to
protect the structure of membranes [45].

In this study, the urea and creatinine levels were signifi-
cantly increased (p < 0.05) in the CCl, groups compared
with the other groups. CCly is a nephrotoxic substance.
CCl, administration leads to nephrotoxicity, as indicated
by an elevation in serum levels of urea, creatinine, and uric
acid [47]. Similar results were obtained by Hwang et al.
[44], Mbarki et al. [48], and Mazani et al. [49]. It was
reported that CCl, supplementation caused renal toxicity,
evidenced by increased serum levels of creatinine and urea.
Increased levels of creatinine and urea may be signs of
severe damage to the structural integrity of nephrons
[47, 48]. The protective effect of chrysin against chemi-
cal-induced renal toxicity was reported in previous studies
[26, 50]. Consistent with our study, Anand et al. [26]
reported that chrysin prevented CCly-induced oxidative
damage in rat kidney.

Oxidative stress and inflammatory cytokines are closely
related to each other and play an essential role in chemical
and drug induced acute kidney damage [51]. TNF-a is a
pro-inflammatory cytokine produced by Kupffer cells. It
has been found to be elevated in acute liver diseases and
following exposure to hepatotoxic chemicals, such as
CCly [45]. CCl4 leads to the production of toxic trichloro-
methyl and trichloromethyl peroxyl radicals, which may
be responsible for the generation of cytokines, such as
IL-1B3, IL-2, and TNF-a [52]. According to this study,
CCly-induced histopatological changes confirmed the
antioxidant status and TNF-a level. TNF-a levels were sig-
nificantly higher (p < 0.05) (Table 2) in the CCl, group than

Int J Vitam Nutr Res (2020), 1-12

those in the other groups. In accordance with this study,
Tatli Seven et al. [35] demonstrated that serum TNF-a
levels were significantly higher (p < 0.001) in the group that
was administrated copper sulfate (Cu; 500 ppm) than those
in the other groups. Serum TNF-a levels were significantly
lowin the Cu + flunixin meglumine and Cu + chrysin groups
compared with the Cu group. They suggested that
decreased TNF-a levels could be because of the flavonoid
content of chrysin. In a previous study, Hermenean et al.
[45] reported that the hepatoprotective activity of chrysin
was identified to be mediated through TNF-a. Specifically,
chrysin reduced soluble TNF-a generation by inhibiting the
TNF-a converting enzyme.

Cell death may occur in organisms which programmed
sequence of events leads to the elimination of cell without
releasing detrimental substance in the surrounding area
via apoptosis. Apoptosis plays a role in many diseases by
its stimulation and inhibition. Cell death arises from the
activation of the initiator caspase (caspase-9) that conse-
quently activates the executioner caspase (caspase-3),
which eventually kills the cell by protein degradation [52].
Caspase 3 activity was significantly increased in the CCly
treatment group in this study. This is consistent with
the study by Safhi [52], which reported an increase in
caspase-3 activity in CCly-treated rats. Similarly, Osman
et al. [53] reported that the liver of CCly-supplemented
rabbits exhibited significant increases in iNOS and
caspase-3 expressions. CCly treatment caused serious
hepatic changes due to the enhancement of oxidative stress
and the induction of apoptosis. Apoptosis in hepatocytes
arises from toxin-induced extreme oxidative stress, exhaus-
tion of antioxidant enzymes, and induction of membrane
lipid peroxidation.

In this study, we observed that CCl -supplemented rats
exhibited congestion and dilatation of central veins with
severe hepatocellular damage represented by diffuse
microvesicular and macrovesicular hepatic steatosis and
ballooning degeneration of hepatocytes. The results of his-
tological examinations of this study are similar to those of
previous studies [48, 54, 55]. Rats treated with CCl, demon-
strated significant congestion of the sinusoids, enlargement
of hepatocytes, and vacuolization (foamy or ballooning
degeneration) in the cytoplasm with extensive fatty change
[48]. Similarly, serious effects were reported by Lee et al.
[54] and Fahmy et al. [55], including the concavity of the
surface of the liver, necrosis, ballooning degeneration,
fibrosis, and lymphocyte infiltration in the central vein.
Likewise, Osman et al. [53] reported that the CCl,-induced
hepatotoxicity in rabbits was characterized by serious
hepatocellular damage and mononuclear cellular infiltra-
tion of the hepatic necrotic areas. Histological examination
vascular congestion, mononuclear inflammatory cell infil-
tration, and distortion of renal corpuscles were seen in rats

© 2020 Hogrefe
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caused by CCl,. Hwang et al. [44] demonstrated that CCly
treatment caused anincrease in the diameter of the glomer-
ulus, as well as a higher number of capillaries in the glomer-
ulus. Mbarki et al. [48] observed that CCl, treatment
caused different effects on the kidney, such as glomerular
necrosis, tubular epithelial cell changes, and histological
changes of the proximal and distal tubules. These histologi-
cal changes likely originated from the products of lipid
peroxidation and the destruction of membranes [48].

The results of this study show that CCl, is a potential
hepatotoxic and nephrotoxic chemical. CCl; caused
oxidative stress by exhausting the activities of antioxidant
enzymes, producing inflammatory cytokines, and stimulat-
ing apoptosis. Chrysin supplementation appeared to
ameliorate the CCly-induced adverse effects on FI by
increasing antioxidant activities and scavenging the free
radicals. Therefore, chrysin may be a promising agent to
treat some diseases that causes liver or kidney injury.

Although our study indicated the protective effects of
chrysin on lipid peroxidation, TNF-a levels, and liver and
kidney function in rats with CCly-induced liver and kidney
injury, it has some limitations. Firstly, the study was
performed on a relatively small groups of animals. There-
fore, further studies are necessary to confirm our results.
Moreover, because ether anesthesia administrated to the
rats in ours experiment had the ability to cause the changes
in serum levels. Thus, we used a saline group to reduce the
risk of false positive results.
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